Photonic networks are currently based on wavelengthdivision multiplexing (WDM) technologies, and their transmission capacity has been increased to Tbit/s over a single optical fiber. However, packet switching and routing are still performed electronically through opticalelectrical-optical conversion [1] . An all-optical conversion can process signals transparently in data format and data rate, and it potentially consumes low power. All-optical conversions for broadcasting and multicasting are simple, straightforward, and particularly useful for optical switching nodes in WDM systems because of their characteristic of reusing wavelengths [2−4] . To date, investigations on all-optical broadcasting and multicasting have focused on one of the following mechanisms: four-wave mixing [5] , amplified spontaneous emission (ASE) modulation [6] , and fiber optical parametric amplifier [7] . Wavelength conversion based on quasi-phase-matched (QPM) nonlinear optical interactions in periodically poled lithium niobate (PPLN) has recently attracted much interest because of its ultrafast response speed [8] . Wavelength conversions in PPLN waveguides reaching up to 320 Gb/s have been demonstrated [8] . Compared with wavelength conversion, WDM multicasting or broadcasting can be used to generate data signals for multiple users [9] . PPLN waveguides have been demonstrated efficiently for optical multicasting/broadcasting using second-order nonlinear effects by quasi-phase matching [10−12] . PPLN waveguides also offer advantages such as a wide conversion range, an ultrafast response, a high conversion efficiency, and negligible quantum-limited ASE noise [13−19] . Given these advantages, all-optical broadcasting and multicasting can be achieved by conventional cascaded secondharmonic generation and difference-frequency generation (cSHG/DFG).
In this study, we experimentally demonstrate 1×4 alloptical broadcasting and 1×3 all-optical multicasting of a 40-Gb/s return-to-zero on-off keying (RZ-OOK) signal by cSHG/DFG in a Ti:PPLN waveguide. In the multicast experiments, the 40-Gb/s RZ-OOK signal is set to the QPM wavelength for second-harmonic generation (SHG) and is sufficiently amplified to generate wavelength-converted signals. All four broadcast signals and three multicast signals are obtained with error-free performance.
A continuous wave (CW, at the wavelength of λ 1 ) with a data signal (at the wavelength of λ 2 ) is launched into the PPLN waveguide. If the powers of the CW and the data signal arehigh, then each signal can act as a pump. As a result, two wavelength-shifted idlers (λ 3 =2λ 1 -λ 2 , λ 4 =2λ 2 -λ 1 ) in the C-band are generated. The new generated signal at the wavelength of λ 3 can also act as a pump and can convert the CW light into another wavelength (λ 5 =2λ 3 -λ 1 ). Hence, 1×4 multiwavelength broadcast signals will exist at the output of the PPLN waveguide.
The experimental setup for the PPLN-based multiwavelength broadcast of a 40-Gb/s RZ-OOK signal is shown in Fig. 1 . The RZ-OOK 40-Gb/s transmitter generates a 40-Gb/s pseudo-random bit sequence (PRBS, 2 7 -1) data signal at the wavelength of 1548.5 nm. The 40-Gb/s RZ-OOK signal is amplified by an erbiumdoped fiber amplifier (EDFA), filtered by a 1-nm optical band-pass filter (OBF), passed through a 3-dB optical coupler (OC), and launched into a Ti:PPLN waveguide through fiber butt coupling. A CW light at 1546.1 nm is amplified, filtered, and launched into the Ti:PPLN through the second input port of the 3-dB OC. The average powers of the data signal and the CW signal at the input of the Ti:PPLN are 25.2 and 25.9 dBm, respectively. The polarization of the data signal is aligned to the transverse magnetic (TM) mode by adjusting the polarization controller (PC). The same procedure is conducted for the CW light. The polarization of the data signal and the CW light is parallel to the optical c-axis of the Ti:PPLN waveguide. A Ti-diffused PPLN waveguide with a 7-µm width and an 80-mm length is used in our experiment. A domain periodicity of 16.4 µm is applied to achieve quasi-phase matching in the C-band (∼1546 nm) at elevated temperatures [6] . The fundamental wavelength is measured as 1546.2 nm with a bandwidth of 0.22 nm. A high-temperature operation (∼180
• C) is conducted to avoid optical-induced damages of the refraction index. The propagation loss of the waveguide is approximately 0.1 dB/cm. The total fiber-to-fiber loss is approximately 6.5 dB, including propagation and coupling losses. At the output of the PPLN waveguide, a filtering subsystem is used to select four broadcast signals with wavelengths at 1541.3, 1543.7, 1548.5, and 1550.9 nm. The center wavelength of the fiber Bragg grating (FBG), which is used to block the high-power CW light, is 1546.1 nm. The broadcast data signals are detected by a 40-Gb/s receiver, which consists of an optical preamplifier and a photodetector. The performances of the broadcast signals are evaluated by an error analyzer.
The optical spectra at the input and output of the PPLN waveguide are shown in Figs. 2(a) and (b) , respectively. Several new wavelength-shifted idlers are found at the output of the PPLN wave guides. The broadcast signals are obtained at 1541.3, 1543.7, 1548.5, and 1550.9 nm by tuning the OBFs. The spectra and eye diagrams of the broadcast signals are shown in Fig.  3 . The broadcast signal at 1548.5 nm is the original input signal, which is passed through the PPLN waveguide. The noise on "0" levels of the broadcast signals at 1541.3 and 1550.9 nm is extremely small. Nevertheless, the pulses are distorted on "1" levels. By contrast, the noise on "0" levels of the broadcast signal at 1543.7 nm is relatively large, whereas the eye diagram of "1" levels is relatively clear. The clear opened eye diagram indicates the good performance of the four broadcast signals.
The bit error rates (BERs) of the four broadcast signals are measured as a function of the received power, as shown in Fig. 4 . The BER curves are plotted for the 40-Gb/s RZ-OOK back-to-back (B2B) signals and the four 40-Gb/s broadcast data signals at 1541.3, 1543.7, 1548.5, 
and the waveguide is reduced, then the OSNR of the broadcast signals will be improved.
A 40-Gb/s RZ-OOK data signal (at the wavelength of λ 1 ) is launched into the PPLN waveguide as a pump, with three CW lights (at wavelengths of λ 2 , λ 3 , and λ 4 ). The input data signal is set within the QPM wavelength range. This signal acts as the fundamental wave and generates a second harmonic signal (via SHG) at ∼0.77 µm via quasi-phase matching. Meanwhile, three wavelength-shifted idlers (2λ 1 -λ 2 , 2λ 1 -λ 3 , and 2λ 1 -λ 4 ) are generated via DFG between the second-harmonic signal and the CW lights. The multicast signals at wavelengths of 2λ 1 -λ 2 , 2λ 1 -λ 3 , and 2λ 1 -λ 4 are at the output of the PPLN waveguide. The wavelength of each multicast signal can be controlled by adjusting that of the corresponding CW light.
The experimental setup for the PPLN-based WDM multicasting of a 40-Gb/s RZ-OOK signal is shown in Fig. 5 . Similar to the preceding experiment, a CW light at the wavelength of 1546.1 nm passes through a pulse carver and a Mach-Zehnder modulator, and then generates a 40-Gb/s RZ-OOK data signal (PRBS, 2 7 -1). The 40-Gb/s RZ-OOK signal is amplified by an EDFA, filtered by a 1-nm OBF, passed through a 3-dB OC, and launched into a polarization insensitive PPLN subsystem, which has been discussed in detail in Ref. [6] . Three more CW lights at 1551, 1555, and 1559 nm are amplified and launched into the polarization insensitive PPLN subsystem through the second input port of the 3-dB OC. The average powers of the data signal and the CW signal at the input of the PPLN subsystem are 25.8 and 16.9 dBm, respectively. The powers distributed to the two arms of the polarization beam splitter (PBS) are ensured to be equivalentby adjusting the PC. The polarizations of the three CW lights require no adjustment. At the output of the polarization insensitive PPLN subsystem, three multicast signals (at wavelengths of 1541, 1537, and 1533 nm) are obtained. The multicast data signals are detected by a 40-Gb/s receiver.
The optical spectra at the input and output of the polarization insensitive PPLN subsystem are shown in Figs. 6(a) and (b), respectively. The power of the WDM multicast signals is consistent (the power of each multicast signal is 2.9 dBm), although the polarizations of the three CW lights are not controlled. The multicast signals 
